The introduction of chromosome 10p into human glioblastoma or prostate cancer cells has been demonstrated to suppress their malignant phenotype, suggesting the presence of glioma or prostate tumor suppressor genes on 10p. As a resource for the fine mapping of these genes, a series of human-rodent hybrid cell lines containing single transferable fragments (STFs) of 10p were constructed. Normal chromosome 10 tagged with a neomycinresistance gene on its short arm was fragmented by gamma-irradiation of 5-10 krad, transferred into mouse L cells or Chinese hamster ovary cells by microcell-mediated chromosome transfer (MMCT), and then selected against G418. Thirty-three independent rodent-human hybrids carrying various-sized STFs were obtained. Polymerase chain reaction (PCR)-based genotyping revealed that these STFs contained the whole, or portions, of a 43-cM region on 10p14-pter and could be defined by 19 sequence-tagged-site (STS) markers. Using this panel of hybrids as donors for further MMCT, genes on the refined fragments could be transferred into other cells. This hybrid panel would therefore be a useful resource for the fine mapping of the genes on 10p14-pter to segments of about 2.4 cM by functional complementation.
Introduction
Genetic complementation studies performed by microcellmediated chromosome transfer (MMCT) can provide information on the chromosomal location of the genes responsible for a specific cells phenotype, including that of cancer (Kozak et al. 1979) . Fine mapping of the genes, however, cannot be performed by the transfer of whole or large portions of chromosomes. To overcome this problem, fragmentation of chromosomes by gamma-irradiation coupled with MMCT has been developed, and the loci for tumor suppressor genes in human rhabdomyosarcomas and prostate cancers were defined on chromosomal fragments 11p15 and 17q12-q22, respectively (Koi et al. 1993 , Murakami et al. 1995 . Several studies, including ours, have demonstrated that the transfer of normal human chromosome 10p into human glioblastoma or prostate cancer cell lines suppressed their malignant phenotype, suggesting the presence of tumor suppressor genes on chromosome 10p (Steck et al. 1995 , Sanchez et al. 1996 , Murakami et al. 1996 , Kon et al. 1998 .
Materials methods results, and discussion
For the fine mapping of the genes on 10p by functional complementation, we constructed a panel of human-rodent hybrid cells carrying single transferable fragments (STFs) derived from various portions of human chromosome 10p by a combination of gamma-irradiation and MMCT.
The mouse-human microcell hybrid HA(10)A (Coriell Cell Repositories, Camden, NJ, USA) carries a human chromosome 10 tagged with a neomycin-resistance (neo R ) gene on its short arm (Pershouse et al. 1993 ). HA(10)A was treated with colcemid (Sigma, St. Louis, MO, USA) at a concentration of 0.06 µg/ml for 48h. Microcells were produced following centrifugation of micronucleated cells in the presence of 10 µg/ml cytochalasin B (Sigma) for enucleation, fragmented by gamma-irradiation of by black squares and (Ϫ), respectively. The order of the markers and the genetic distances between them were determined based on information from Genethon (Gyapay et al. 1994 ) and the Utah Marker Development Group (1995) 5-10 krad, and fused with mouse L cells with polyethylene glycol (PEG1500; Boehringer Mannheim, Mannheim, Germany). Thirty-nine neomycin-resistant colonies were obtained from three independent transfer experiments. Transferred and retained chromosomal regions in each hybrid cell were determined by polymerase chain reaction (PCR)-based analyses of DNA, using 33 polymorphic microsatellite markers on the short arm and 8 markers on the long arm of chromosome 10. Two hybrids, L(10)A4 and L(10)A22, showed retention of continuous fragments of chromosome 10, as summarized in Fig. 1 , while the other 37 hybrids retained more than two fragments of chromosome 10 (data not shown). These results were directly confirmed by fluorescence in situ hybridization (FISH) analysis of the hybrids, using human CotI DNA as a probe, as described previously (Kugoh et al. 1995) . Representative results are shown in Fig. 2 . L(10)A22 cells retained only one human chromosomal fragment (Fig. 2a) , while L(10)A16 cells carried at least three discontinuous human fragments, either as an independent chromosome or translocated to chromosome of mouse (Fig. 2b) .
Then, in order to obtain human-rodent hybrids containing single transferable fragments (STFs) of chromosome 10, 37 hybrids carrying multiple fragments of chromosome 10 obtained in the first-round MMCT were pooled and used as donor cells for the second-round MMCT. Only the chromosomal fragments tagged with the neo R gene were expected to be transferred. In this instance, Chinese hamster ovary (CHO) cells were used as recipients, and fusion was performed without irradiation. Thirty-seven clones were obtained by selection against G418 after eight independent transfer experiments. PCR-based analyses revealed that a total of 31 hybrid cells carried single continuous fragments of chromosome 10 (Fig. 1) . FISH analysis confirmed that these hybrids retained single chromosomal fragments, either as an independent chromosome (Fig. 2c) or translocated to chromosome of hamster (Fig. 2d). a b c d Fig. 2a-d . Fluorescence in situ hybridization (FISH) analysis of the human chromosome 10 fragments transferred into mouse L or CHO cells. Human CotI DNA was used as a probe, as described previously (Kugoh et al. 1995) . Analysis of human-mouse hybrids, L(10)A22 (a) and L(10)A16 (b) and human-hamster hybrids, C(10)C7 (c) and
The results of a genotyping study in 2 human-mouse and 31 human-hamster hybrids are summarized in Fig. 1 . Because the fragment flanked by the STS marker, D10S591, was commonly retained in all but one hybrid, B18, the neo R gene in HA(10)A cells appeared to be integrated adjacent to this region. As shown in Fig. 1 , a total of 33 independent hybrids contained STFs covering the whole or a portion of 10p14-pter, with a genetic distance of 43 cM. Because these STFs were defined by 19 STS markers, genes on 10p14-pter could be mapped to segments of an average 2.4 cM by genetic complementation study through MMCT.
Using these hybrids as donor cells for MMCT, we have transferred several structurally refined STFs on 10p14-pter into PPC-1 cells in order to narrow down the region harboring a prostate tumor suppressor gene (data not shown). Koi et al. (1993) had previously reported a similar panel of hybrid cells containing various STFs of human 11p. The hybrids constructed in the present study could be distributed on request as resources for the structural and functional analysis of human chromosome 10p.
